Introduction
One of the most significant properties of probiotic lactic acid bacteria (LAB) is their ability to adhere to the mucosal surfaces and to colonize the gastro-intestinal (GIT) and urogenital tract (UGT) (2) . The adhesion of lactobacilli is considered as a means of competitive exclusion of pathogens from the epithelium and to prevent their invasion (10, 13) . Moreover, there are proven cases of restoration of damaged gastric mucosa after adhesion of probiotic lactobacilli on it (4) . The molecular mechanisms of the adhesion of Lactobacillus spp. have not been fully studied and understood yet. Therefore, different contemporary approaches that aim to reveal the biological and genetic factors of LAB adhesion are needed. In vitro studies assessing these properties are often not able to simulate completely the in vivo conditions, but they could be reliable indicators in the selection of new probiotic strains. In most cases, the adhesion of lactobacilli to the mucosa is described as a protein mediated process, but there is evidence for the involvement of carbohydrate components of cell surfaces in this process (8, 11) . Some LAB strains synthesize specific adhesion proteins as mucosal adhesion protein (MapA/mucus-adhesion protein A), mucus-binding protein (Mub/mucus-binding protein) and a protein similar to them -elongation factor Tu (EF-Tu). They promote adhesion to the epithelium (1, 7), but their role in vivo is still under scientific discussion. A current task is to characterize the genetic determinants of the adhesion in probiotic cultures in correlation with their other beneficial properties.
The aim of this study was to establish the presence of genes that encode the main adhesion proteins and an in vitro assessment of the adhesion potential of pre-selected strain L. plantarum AC131.
Materials and Methods

Microorganisms, cultivation conditions, cell lines
Strain AC131 was isolated from cheese and cultured in medium de Man, Rogosa and Sharpe (MRS) (Difco, USA). HeLa and HT-29 cell lines (IMSA, BAS) were incubated in Dulbecco's modified Eagle's medium (DMEM) (Gibco, BRL), supplemented with: 10% (v/v) calf fetal serum, 5 mM glutamine, penicillin (100 U/ml ) and streptomycin sulfate (100 mg/ml) (Gibco, BRL). Maintenance of cells and the in vitro adhesion tests were carried out in 6-well plates (BD Falcon™) at 37 ºC in anaerobic atmosphere (90% CO 2 ).
PCR analyses
Chromosomal DNA from strain AC131 was isolated according to a modified method of Delley et al. (3) . PCR reactions (25 ml) were carried out in a Progene cycler (Techne, England) with Ready To Go TM PCR beads (Amersham Biosciences) according to the protocol of Ramiah et al. (12) . PCR products were electrophoretically separated in 2% (w/v) agarose gel stained in ethidium bromide (0.5 μg/ml) and detected by a UVP transilluminator system.
Sequencing analysis
PCR amplification of 16S rDNA gene was carried out with primers fD1 and rD1 according to the method of Weisburg et al. (18) . The sequence of amplified product was analyzed by a commercial provider (Macrogen Inc., Korea). The resulting sequence was further processed with the program Chromas 2 • 3 (Chromas version 2 • 3, http://www.technelysium.com.
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In vitro test for adhesive ability of Lactobacillus plantarum AC131
Tests were carried out with cells from exponential culture of the strain AC131 which were triple-washed in PBS (pH 7.2) and resuspended in medium DMEM (without antibiotics). After standardization of conditions and preparation of monolayers (1 × 10 5 cells/well) of cell lines (HeLa and HT-29), each well (except the controls) were inoculated with 200 μl (1 × 10 6 CFU/ml) of the already prepared suspension of strain AC131. Plates were incubated for 1 hour at 37 °C, then washed with PBS to remove the non-adhesive cells and Gram stained. The adhesion was evaluated microscopically (Olimpus, Carl Zeiss) and recorded with a digital camera MDCE-5 USB2 (Boeco, Germany).
Results and Discussion
Strain AC131 was characterized and identified as Lactobacillus plantarum by 16S rDNA sequence analysis. The partial sequence of the 16S ribosomal RNA gene of Lactobacillus plantarum strain AC131 was deposited in GenBank at the National Center for Biotechnology Information (NCBI) under number HM568881.1. L. plantarum AC131 was selected as a promising protective culture with a broad spectrum of antimicrobial activity, including fungi (16) . Genetic determinants of the adhesion factors in strain AC131 were established by PCR with selected primers that detect the genes Map, Mub and EF-Tu, responsible for the synthesis of the adhesion proteins ( Fig. 1) . A positive PCR signals in twice repeated PCR analyses were observed, which proves the existence of genes Mub (Fig. 1A) , EF-Tu ( Fig. 1B) and Map (Fig. 1C) in the genome of L. plantarum AC131. The presence of the genetic determinants of the main surface proteins allows us to assume a good adhesive ability of strain AC131 and a potential for a competitive exclusion of pathogens and an adhesion-dependent stimulation of the immune system (12) .
Mub protein in lactobacilli shows the same structural organization as that described in most Gram (+) bacteria, including pathogenic ones (6) . This fact further increased the importance of the presence of Mub proteins, as they most likely underlie the success in competition for adhesion to mucosal receptors with Gram (+) pathogens. This is very important because adhesion as a mechanism is underlying the colonization of the mucosa and hence it is an initiating factor in many infections (5) . Thus, blocking of this step is a potential opportunity to control infectious diseases (15) .
Adhesion is an important prerequisite for a successful colonization of beneficial microbes. The difficulties associated with studying the bacterial adhesion in vivo have led to the application of different cell lines in vitro as a model system for a preliminary selection of potentially adhesive strains (17) . For the purposes of the present study, the adhesion potential of the strain was assessed on the following scale: non-adhesive (less than 5 LAB to one epithelial cell), moderately adhesive (5 to 40) and strongly adhesive (more than 40). Positive results in tests with two different cell lines were obtained and the strain AC131 was classified as strongly adhesive to HeLa (Fig. 2) and moderately adhesive to HT-29 cell line (Fig. 3) . These data represent a very good testimonial for the studied L. plantarum AC131, as it is believed that only adhesive probiotics can effectively exhibit their metabolic and immunomodulatory effects and possess the ability to stabilize the intestinal mucosa (14) .
Conclusions
According to our results we concluded that the adhesion ability of strain L. plantarum AC131, in combination with its antimicrobial properties (16) represent a promising basis for its future application as bio-protective and probiotic adjunct for functional foods.
